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(57)Abstract: 

PURPOSE: To obtain an Ni-base single crystal superalloy 
having superior high temp, corrosion resistance and high temp. 

strength. 

CONSTITUTION: This superalloy has a composition consisting 
of by weight, 8-14% Cr, 3-7% Co, 4-8% Al, <5% Ti, 6-10% W, 4- 
8% Ta. 0.5-4% Mo, <1.4% Hf, <0.01% Zr, <0.07% C, <0.015% B. and 
the balance Ni with inevitable impurities and satisfying 5%<AI+Ti, 
4<AI/Ti, and W+Ta+Mo<18%. This superalloy has creep rupture f 
life, high temp, corrosion resistance, and oxidation resistance « 
and can be used for gas turbine blade. is' 




1009 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 



http://wwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAnlaOx5DA407300639P 1 .htm 8/1 7/2006 



JP,07-300639,A [CLAIMS] 



Page 1 of 1 



* NOTICES * 

JPO and NCIPI are not responsible £or any 
daxoages caused by the use o£ this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] High corrosion resistance nickel radical single crystal superalloy which consists of 4 - 8% of Ta, 
0.5 - 4% of Mo, the remainder nickel, and an unescapable impurity 8 - 14% of Cr(s), 3 - 7% of Co(es), 4 - 
8% of aluminum, less than [ Ti5% ], and W6-10%, and is characterized by being 5%<=aluminum+Ti, 4 
<=aluminum/Ti, and W+Ta+Mo<=18% by weight %. 

[Claim 2] The components of the gas turbine engine created from nickel radical single crystal superalloy 
according to claim 1 . 

[Claim 3] The manufacture approach of the high corrosion resistance nickel radical single crystal superalloy 
which heats superalloy according to claim 1 at 1310 degrees C - 1350 degrees C within a vacuum or an inert 
atmosphere, subsequently quenches after solution treatment at 1350 degrees C for 2 hours or more, and is 
characterized by fixed time amount and carrying out aging treatment at 1050 degrees C - 1 120 degrees C 
after that. 

[Claim 4] High corrosion resistance nickel radical single crystal superalloy manufactured by the approach 
according to claim 3 the time amount held to the temperature of said aging treatment is 4 hours or more. 
[Claim 5] The manufacturing method of the high corrosion resistance nickel radical single crystal superalloy 
according to claim 3 whose temperature of 1200 degrees C - 1350 degrees C and said aging treatment the 
temperature of said solution treatment is 1050 degrees C - 1 120 degrees C. 

[Claim 6] By weight %, 8 - 14% of Cr(s), 3 - 7% of Co(es), 4 - 8% of aluminum, less than [ Ti5% ], W6- 
10%, 4 - 8% of Ta, 0.5 - 4% of Mo, less than [ Hfl.4% ], High corrosion resistance nickel radical single 
crystal superalloy which consists of less than [ ZrO.01% ], less than [ C0,07% ], less than [ BO.015% ], the 
remainder nickel, and an unescapable impurity, and is characterized by being 5%<=alvmiinum+Ti, 4 
<=aluminum/Ti, and W+Ta+Mo<=18%. 

[Claim 7] The components of the gas turbine engine created from high corrosion resistance nickel radical 
single crystal superalloy according to claim 6. 

[Claim 8] High corrosion resistance nickel radical single crystal superalloy given in claims 1, 4, and 6 which 
have the microstructure of gaimna' sludge all over gamma base and which were manufactured by the 
approach according to claim 3 or 5. 

[Claim 9] The components of the gas turbine engine created from high corrosion resistance nickel radical 
single crystal superalloy according to claim 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to nickel radical single crystal superalloy which has the 
outstanding elevated-temperature corrosion resistance, and was excellent also in high temperature strength. 
[0002] 

[Description of the Prior Art] nickel radical single crystal superalloy is mainly used for the turbine blade of 
the engine for aircrafts. Since the turbine blade which consists of nickel radical single crystal superalloy 
does not have a grain boundary and it does not contain trace elements, such as carbon which strengthens a 
grain boundary, boron, and a zirconium, it can go up solution-ized temperature to directly under [ of the 
melting point ], For this reason, since perfect solution treatment can be performed, it is kiiown that high 
temperature strength including creep rupture strength is superior to nickel radical common casting alloy 
turbine blade by the conventional manufacturing method. 

[0003] On the other hand, also in the industrial use gas turbine, the conventional thing usually exchanged for 
a casting alloy turbine blade to a single crystal alloy is tried with efficient-izing and elevated-temperature- 
izing of an industrial use gas turbine in recent years. However, although conventional nickel radical single 
crystal superalloy has the outstanding high temperature strength, since a hot-environments property, 
especially elevated-temperature corrosion resistance are inadequate, the actual condition is that it is 
inapplicable to the industrial use gas turbine which performs prolonged operation at satisfaction. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the alloy which has the 
outstanding elevated-temperature corrosion resistance, without spoiling the high temperature strength which 
was excellent in the former by improving conventional nickel radical single crystal superalloy further from 
the above viewpoints. 
[0005] 

[Means for Solving the Problem] This invention is for solving the technical problem mentioned above, and 
is characterized [ the ] by the following matter. By weight %, 8 - 14% of Cr(s), 3 - 7% of Co(es), 4 - 8% of 
aluminum, less than [ Ti5% ], W6-10%, 4 - 8% of Ta, 0 - 4% of Mo, 5%<=aluminum+Ti, The elevated- 
temperature corrosion resistance nickel radical single crystal superalloy which is 4 <=aluminum/Ti and 
WH-Ta+Mo<=18%, or contains less than [ Hfl.4% ], less than [ ZrO.01% ], less than [ CO.07% ], and less 
than [ BO.015% ], and consists of the remainder nickel and an unescapable impurity further, and its 
manufacture approach. 

[0006] Below, this invention is explained at a detail. First, the function of the component element of this 
invention alloy and the reason for definition of the presentation range are explained. 
Cr: Although there is an operation which raises elevated-temperature corrosion resistance, the content 
cannot secure desired elevated-temperature corrosion resistance at less than 8%. Moreover, since the deposit 
of gamma' phase not only comes to be controlled, but the embrittlement phase which is called a TCP phase 
(delta phase) and which is not desirable generates and high temperature strength was reduced when the 
content exceeded 14%, Cr content determined it as 8 - 14%. 

Reduce the dissolution temperature of a Co:gamma ' phase, and solution treatment is made easy, and also 
there is an operation which raises elevated-temperature corrosion resistance. The effectiveness was not 
acquired as a content is less than 3%, but at 6% or more, since the deposit of gamma' phase is controlled and 
high temperature strength was reduced, Co content was determined as 3 - 7%. 

[0007] It is the main alloy element which generates an aluminum:gamma * phase, and contributes also to 
oxidation resistance by forming aluminum oxide in a front face, gamma* phase of sufficient rate of the 
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volume to obtain good creep rupture strength as aluminum content is less than 4% cannot be generated, but, 
moreover, oxidation resistance also falls. Since solution treatment became difficult, the amount of non- 
dissolved gamma* increased and creep rupture strength fell when 8% was exceeded, aluminum content was 
determined as 4 - 8%. 

Being able to substitute for aluminum in a Ti: gamma * phase, the phase obtained serves as nickel3 
(aluminum, Ti), and is useful to solid solution strengthening of gamma' phase. However, since it is easy to 
make an eutectic ganrnia' phase and the melting point of superalloy is lowered, solution treatment 
temperature cannot be made sufficiently high, but it becomes difficult to dissolve eutectic gamma* 
thoroughly, and Ti reduces creep rupture strength. Furthermore, it is harmful also to oxidation resistance. 
Therefore, the upper limit of Ti content was determined as 5%. 

[0008] aluminum and Ti: As mentioned above, in order [ both ] for aluminum and Ti to generate and 
strengthen gamma* phase, it is important to add two alloy elements. By this invention, the addition total 
amount of these two alloy elements was specified as 5%<=aluminum+Ti. gammaV phase of rate of the 
volume sufficient at less than 5% cannot be generated, but creep rupture strength falls. However, even if the 
addition total amount of aluminum and Ti was the range of 4%<=aluminum-fTi, Ti content became 
excessive, and in order to prevent high temperature strength and oxidation resistance falling, it was 
determined with aluminum/Ti that aluminum served as the main alloy element of gamma* phase generation. 
According to these conventions, the amount of generation of gamma* phase and solid solution strengthening 
serve as max in the range which produces neither high temperature strength nor oxidation-resistant 
lowering. 

[0009] W: Dissolve to gamma-phase and gamma* phase, and it is the alloy element which carries out solid 
solution strengthening of the bi-phase, and at least 6%, it is required and, especially less than [ it ], the 
reinforcement of gamma' phase falls remarkably. However, the addition exceeding 10% deposits the TCP 
phase called alpha- W, and reduces creep rupture strength. Therefore, W content was determined as 6 - 1 0%. 
Ta: While dissolving mainly to ganmia* phase and strengthening gamma* phase, give elevated-temperature- 
proof corrosion resistance. Since the reinforcement of an alloy became low when Ta content was lower than 
4%, and it became difficult to make an eutectic gamma* phase dissolve when higher than 8%, and creep 
rupture strength fell, Ta content was determined as 4 - 8%. 

Since it dissolved to gamma* phase as well as Mo:Ta and gamma* phase was strengthened, it was required at 
least 0.5%, but in order that too much addition exceeding 4% might produce the TCP phase (alpha-Mo 
phase) which is an embrittlement phase and might reduce creep rupture strength, Mo content was 
determined as 0.5 - 4%. 

[0010] W, and Ta and Mo: Since these alloy elements have a different solid-solution- strengthening 
operation, respectively, it is important for them to add both three alloy elements. In this invention, the 
addition total amount of these three alloy elements was determined as W-i-Ta+Mo<=18. If there are few W, 
Ta, and amovmts of Mo as mentioned above, solid solution strengttiening of gamma-phase and gamma* 
phase cannot demonstrate enough, but if [ than 1 8% ] more, a TCP phase (alpha- W, Mo phase) harmful to 
high temperature strength deposits. Thus, solid solution strengthening of gamma-phase and gamma* phase is 
made into max in the range which does not produce a harmfiil TCP phase by specifying an addition total 
amount in the individual list of W, Ta, and Mo. 

[001 1] Hf, Zr, and C and B: Although not added at all with the conventional nickel radical single crystal 
alloy, in order to strengthen the grain boundary of the recrystallization produced by the different crystal 
generated at the time of single-crystal-turbine-blade casting, or subsequent heat treatment and subsequent 
processing, little addition of these elements is dramatically carried out with the alloy of this invention. Since 
the crystal-stressing element is not included with the conventional nickel radical single crystal alloy, in order 
for the grain boundary of a different crystal or recrystallization not to have reinforcement and to reduce the 
high temperature strength of a single crystal alloy remarkably, the cast away of all the turbine blades with a 
different crystal or recrystallization was carried out. By adding these crystal-stressing elements, a grain 
boundary is fully strengthened, the turbine blade which has a different crystal and recrystallization also 
comes to be permitted, and the productivity of a product is raised by reducing the rate of a cast-away article. 
[0012] However, if these alloy elements are added too much, it will become harmful to high temperature 
strength. 

Hf: Since the melting point of an alloy was lowered and dissolution of gamma' phase was made difficult 
when 1 .4% was exceeded, it could be 1 .4% or less. 

If C:0.07% is exceeded, in order for superfluous C to dissociate, to form the carbide used as the origin of a 
fatigue crack and to reduce fatigue strength, it was determined as 0.07% or less. 
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B and Zr: B was, and in order that too much addition of these elements might lower ductility and toughness, 
Zr could be 0.01% or less 0.015% or less. The grain boundary can be strengthened by adding a crystal- 
stressing element within the limits of this, without carrying out high-temperature-strength lowering. 
[0013] 

[Example] Below, an example explains this invention further. The chemical entity of each sample of an 
alloy is shown in a table 1 the comparison alloy for comparing this invention alloy, and this and a property, 
and conventionally. All samples produced the test piece, after performing solution treatment and aging 
treatment according to the heat treatment conditions shown in a table 2 after casting to a single crystal by the 
high-speed solidifying method. 

[0014] Subsequently, the inside of atmospheric air, the temperature of 850 degrees C, and stress 46kgf/mm2 
The creep rupture test was performed on conditions and a fi-acture life, elongation after fracture, and fracture 
drawing were measured. Moreover, in order to evaluate elevated-temperature-proof corrosion resistance, 
after being immersed into the fused salt heated in temperature of 900 degrees C which has the presentation 
of Na2S03 Na2S04+25% 75%, weight loss in quantity was measured. About oxidation resistance, weight 
loss in quantity was repeatedly measured from a room temperature to the temperature of 950 degrees C 
every 8 hours in atmospheric air. The result of a creep test and a corrosion test is shown in a table 3. 
[0015] 
[A table 1] 
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[0016] 
[A table 2] 
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[0017] 
[A table 3] 
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[0018] Fxirthermore, the relation between the heat treatment time amount of each sample and oxidation loss 
in quantity is shown in drawing 1 . Although this invention alloy and a comparison alloy are 4% 
<=aluminum+Ti, 4 <=aluminum/Ti, and W+Ta+Mo<=18% in weight % as shown in a table 1, the 
comparison alloy contains the component besides the range presentation to this invention alloys being 4 - 
8% of aluminum, less than [ Ti5% ], W6-10%, 4 - 8% of Ta, and the range of 0.5 - 4% of Mo. 
[0019] As shown in a table 1 and a table 3, non-dissolved gamma' and eutectic gamma' remain after heat 
treatment, and the alloy (C-4) with many aluminum+Ti contents among comparison alloys has a short creep 
rupture life. Moreover, as the alloy with high Ti content (C-5) is shown in drawing 1 , the anti-oxidation 
property is falling. Furthermore, since alpha-(W, Mo) phase deposited, and an eutectic gamma' phase did not 
dissolve thoroughly by heat treatment with an alloy (C-3) with high Ta but the alloy (C-1, C-2) with the high 
content of W or Mo remains in part, with these alloys, its creep rupture life is short. 
[0020] On the other hand, since this invention alloy has added the alloy element of aluminum, Ti, W, Ta, 
and Mo with sufficient balance, there is no residual of non-dissolved gamma' phase after heat treatment and 
eutectic gamma', and the deposit of alpha-(W, Mo) phase which is an embrittlement phase is not seen, 
either, but as shown in a table 3, the creep rupture life shows the value which was conventionally excellent 
compared with the alloy. Moreover, as shown in drawing 1 and a table 3, the property which was excellent 
also about oxidation resistance and high-temperature-corrosion-proof nature is shown. 
[0021] 

[Effect of the Invention] As mentioned above, since this invention alloy has the creep rupture life and high- 
temperature-corrosion-proof nature which were conventionally excellent compared with the alloy, and 
oxidation resistance, it is greatly contributed to the improvement in effectiveness by using as a gas turbine 
blade. 
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[Drawing 1] 
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